Introduction
Neuropeptide Y (NPY) is one of the most ubiquitous polypeptides in mammalian neurons [ 11. It acts via two subtypes of receptors, the so-called Yl and Y, receptors [2] . Presynaptic inhibition of noradrenaline release in the peripheral nerve system and enhancement of memory are caused by Y,-subtypes of receptors. In contrast, the increase in blood pressure and the increase in food uptake are mediated by the Y, receptor (reviewed . Both subtypes are G-protein-coupled receptors according to pharmacological results [3] . The Yl receptor, which was recently cloned and sequenced from rat [6] and human tissue [7] , was identified as containing seven transmembrane spanning segments [6] .
NPY belongs to the pancreatic polypeptide hormone family, together with the intestinal hormone peptide (YY) and the pancreatic polypeptide (PP) [l] . All show high sequence identity, and a common tertiary structure is suggested from the X-ray structure of the avian pancreatic polypeptide (aPP) [8] . According to molecular dynamics simulations 19 ?To whom correspondence should be addressed. tion [15] or cysteine oxidation [16] , are still able to bind to the Y, receptor, whereas the affinity to the Y receptor is considerably reduced.
In contrast to the well-characterized prerequi- 
Material and methods
Peptide synthesis and analysis 2-Aminomethyl-cyclopropanoic acid (Acp) and 1 -phenyl-2-aminomethyl-cyclopropanoic acid (Pac) were synthesized by rhodium acetate catalysed cyclopropanation from the corresponding bis(trimethylsily1)allylamines with diazoesters [ 181. [20] . In order to obtain the peptide amides, 5-(4'-aminomethyl-3',5'-dimethoxyphenoxy) valeric acid [anchored via an alanine spacer to aminomethylated polystyrene-( 1%)-divinylbenzene (30 mg, 15 pmoVpeptide)] was used as a functionalized polymer support. The nonproteinogenic amino acids were coupled manually in 3-fold excess for 2h. For activation, benzotriazole-tetramethyluronium tetrafluoroborate ( 1 eq) (Nova Biochem, Laufelfingen), 1 -hydroxybenzotriazole (1 eq) and ethyldi-isopropylamine (1.5 eq) were used in the manual procedure. 1-Hydroxybenzotriazole (1 eq), diisopropylcarbodiimide (1 eq) and a 10-fold excess of reagents were used for the automated multiple synthesis. Deprotection was were purified to a purity greater than 90%. During the synthesis of Tic-containing peptides, diketopiperazine formation was recognized, as described recently [21] , which led to a reduced yield of 40-50%. The peptides were characterized using amino acid analysis and mass spectrometry. For amino acid analysis, the peptides were automatically hydrolysed in gas phase (6 M HCI, 160"C, 90 min), subsequently derivatized with phenylisothiocyanate and the resulting phenylthiocarbamoyl (PTC) derivatives were analysed by microbore h.p. Non-specific binding was estimated by adding 100 nM of cold NPY to the incubation mixture. At the end of the incubation period, cells were centrifuged (5 min, 15OOXg), the pellets were washed with phosphate buffered saline and recentrifuged. Bound radioactivity was determined by gamma counting. Half-maximal inhibition of the specific binding of the '2sI-NPY is given as the IC,, value (Table 1) . If no half-maximal inhibition was obtained using peptide solutions of a concentration of lo-", IC,, is given as having a value greater than 10 000.
Y, receptors on rabbit kidney membranes
Adult male rabbits (chinchilla) were narcotized by a blow in the neck, bled, the kidneys rapidly removed and the cortex dissected. Tissue was homogenized in 5 volume ice-cold Tris-HCl (50 mM Tris, 100 mM NaCI, 5 mM MnCI,, 1 mM EGTA, 0.4 mM PMSF, pH 7.5) with an Ultra-Turrax homogenizer for 60 s and centrifugated at 1075 X g for 5 min.
The pellet was rejected and the supernatant again Schwartz, unpublished work), rabbit kidney membranes (IC,, 2 nM) [14] and in the functional Y, assay on rat vas deferens [14] . Exchange of Ty?
by Cha reduced affinity only 2.5 times (IC,, 5 nM).
A 10-fold decrease was found for Pap-and Nalcontaining analogues. However, two peptides, which contain amino acids restricting the peptide backbone conformation, showed the most significant loss of affinity: [ A~X~-~' , T i P ] NPY with IC,, 61 nM and [Ahx4-", PacJh] NPY with ICs0 600 nM. The importance of an aromatic side-chain had been suggested, due to the analogues published so far [22, 231. According to our present findings, Cha is almost as potent as Tyr. Since the Pac analogue showed significantly reduced affinity, a phenyl group per se is not sufficient, but its orientation is very important. This is in accordance with previous results on retro-inverso analogues of [Ahx4-,'] NPY [24] and reduced bond analogues [25a], which demonstrate the importance of the intact backbone of residues 33-36 for high Y, affinity.
In contrast to the results obtained using conformationally restricted analogues at position 36, no 10-fold increase in Y, affinity, we suggest that N-terminal residues contribute to the bioactive conformation. This is in accordance with the recently performed I,-alanine scan of NPY 1-36 [25] where Pro2 and Pro5 were found to be sensitive to exchange, as these residues are crucial for the intramolecular interactions.
Discontinuous analogues with varying spacer amino acids
To investigate the importance of the spacer between the N-and C-terminal segments, the flexible, hydrophobic Ahx of NPY was replaced by turn-inducing spacers, such as the dipeptide prolyl-glycine (Pro-Gly), o-AMPA Tic, Acp or Pac with the Y , binding site, or supports the hypothesis that the correctly orientated N-terminal segment induces the bioactive conformation of the C-terminal segment. Other approaches to reduce the size of NPY and still preserve Y, affinity used the natural spacer NPY 14-16 [26] or cystine formation between Cys7 and U -C Y S~~ [ 161 of centrally truncated peptides. Since the three-dimensional structure of NPY (Figure 1 ) seems to be of major importance, we could show for the first time that analogues with high affinity to the Y, receptor can be obtained by using conformationally restricted, turn-inducing amino acids for bridging an N-terminal and a C-terminal segment.
